Background: Growth is highly dependent on the absorption of nutrients. Inadequate calcium and vitamin D intake may compromise bone mineralization and growth. There is a great deal of concern regarding calcium and vitamin D intake, as well as biochemical changes in children and adolescents, which led us to investigate calcium and vitamin D levels during growth. Methods: Fifty-eight children and adolescents with short stature (z-score o3 s.d.) were evaluated from September 2005 to February 2007. Blood biochemical analyses and 24-h urine tests were performed and were used to evaluate calcium, phosphorus, creatinine, sodium, alkaline phosphatase, parathyroid hormone (PTH) and 25(OH)D levels. Dietary inquiries, repeated three times, were used to estimate the actual intake of these substances. Results: A reduced calcium (608.6 mg/day) and vitamin D (72.5 IU/day) intake was observed. Calcium excretion in 24-h urine (56 mg/24 h) and calcium excretion by weight (2.0 mg/24 h/kg) showed scores that were below normal. A negative correlation between PTH and both dietary vitamin D (r ¼ À0.46; Po0.01) and calcium intake (r ¼ À0.41; Po0.001) was observed. Conclusions: The low calcium and vitamin D intake observed in short-stature children and adolescents was associated with biochemical results, and suggested that PTH and calcium excretion may be useful screening tests for evaluating dietary calcium and vitamin D.
Introduction
Calcium has a major role in the development and maintenance of peak bone mass during childhood and adolescence, as well as in the subsequent prevention of osteoporosis. Calcium absorption and bone calcium accretion are affected by dietary calcium and vitamin D status. The former can be assessed by dietary history and the latter by the serum concentration of 25-hydroxyvitamin D (Weaver et al., 2008) .
Anthropometric and bone density data found in recent studies showed that calcium intake had a significant effect on bone mineralization, and that mineral and vitamin D deficiency affected bone health and development (Sentipal et al., 1991; Black et al., 2002) . Calcium intake has been shown to be a major predictor of calcium retention and follows a 'threshold behavior' during growth (Abrams et al., 2005a,b) . Thus, the positive relationship between the intake and retention of calcium and vitamin D is a protective factor against future bone diseases (Prentice et al., 2005; Salamoun et al., 2005; Hill et al., 2008; Wagner and Greer, 2008) . However, dietary research shows a large difference between the recommended calcium consumption and the actual calcium intake, especially during the critical years of childhood and adolescence (Lerner et al., 2000; Rajeshwari et al., 2004; Gordom et al., 2004; Rajakumar et al., 2005) .
In epidemiological studies, approaches other than dietary inquiries to evaluate current and habitual diet, including biochemical tests can be used (Abrams et al., 2005a,b) . Vitamin D and parathyroid hormone (PTH) are well known for their essential role in bone metabolism and calcium homeostasis. Vitamin D can be synthesized through the photoconversion of 7-dehydrocholesterol to precholecalciferol by ultraviolet radiation or can be obtained from the diet (Salamone et al., 1993; Holick, 1995) . The substance produced in the skin refers to cholecalciferol, whereas dietary sources of vitamin D include ergocalciferol, which is derived from plants and cholecalciferolis mainly derived from fish. These compounds are hydroxylated in the liver to 25(OH)D, which is the major circulating metabolite precursor to the hormonally active form, 1,25-dihydroxyvitamin D (Reinehr et al., 2008; Wagner and Greer, 2008) . The relative importance of diet and sunlight to plasma 25(OH)D concentration varies with age, diet and geography (Salamone et al., 1993) .
Biochemical changes occur if vitamin D concentrations are inadequate, such as those that occur when calcium absorption is inadequate. PTH concentrations then increase to counteract the decline in serum calcium concentrations. As PTH restores serum calcium concentrations, it increases the phosphate loss in urine, and serum phosphate concentrations decline. In a few weeks to a number of months, calcium salts are mobilized and the breakdown of the bone matrix begins. As serum calcium concentrations fall, the activity of PTH increases further, which promotes calcium loss from the bone (Soliman et al., 2008) . These adaptations in bone metabolism and calcium homeostasis suggest the importance of evaluating calcium and vitamin D intake and the biochemical status of the nutrients. Knowledge of the status of these nutrients can be used to identify tests to assess, identify and manage calcium and vitamin D dietary insufficiencies.
The aim of this study was to investigate the presence of alterations in dietary calcium and vitamin D intake and to conduct biochemical examinations of calcium and vitamin D metabolism in short-stature children and adolescents of both genders. We also investigated possible correlations between biochemical methods and dietetic variables to establish parameters for medical and dietetic treatments.
Subjects and methods
This cross-sectional study included 58 short-stature children and adolescents assessed at the Short Stature Clinic of the Endocrine Service at the Hospital de Clínicas de Porto Alegre (HCPA), Brazil. Subjects were selected from a cohort of 851 short-stature patients and were evaluated regularly from 1994 to the present. The following inclusion criteria were considered for this cohort: age (between 4 and 18 years), short stature, considered to be a z-score of less than three and parental consent. The following exclusion criteria were defined: children and adolescents taking medications that might influence bone turnover, such as corticosteroids, bisphosphonates, diuretics, calcium and vitamin D; any other nutritional intervention; and diagnoses of endocrine diseases, chronic diseases or genetic syndromes related to short stature. Thus, all patients were evaluated using a prospective protocol, which included assessing their medical history, and conducting a standardized clinical examination and a laboratory evaluation (Cowell, 1995) .
The project was submitted and approved by the 'National Committee of Ethics in Research'. Parents were provided with explanations of all procedures related to the research and only those who freely agreed to the procedures participated in the study.
A 24-h dietary recall was used to assess the recent diet of the subjects. In this method, verbal information on the food intake in the 24 h before the assessment was obtained, including food and beverages currently being consumed, as well as information on the preparation of the food and the weight/size of portions. Portions were assessed by means of size meal photographs (Willett, 1998) . This 24-h dietary record was assessed at three distinct times in a period of no longer than 1 year to establish the mean consumption of each individual. Based on information regarding the quantity of food intake, it was possible to perform calculations to evaluate the calcium and vitamin D intake through the 'Nutribase Clinical Nutrition Manager, 2006', which uses the American Table ( Blood and urine samples were collected after an 8-h fast, as stated in the Clinical Pathology Laboratory/HCPA protocol. Nutrient levels were assessed by the following methods: the total serum calcium and 24-h urine were measured by the colorimetric O-cresolphthalein method; serum phosphorus and urine by the ultraviolet-phosphomolybdate method; serum creatinine and 24-h urine by the Jaffe method without deproteinization; sodium in 24-h urine using the ion selective electrode method; total alkaline phosphatase by the kinetic colorimetric method; and PTH by the electrochemoluminescence method. Calcium excretion (mg of calcium in 24-h urine/kg of weight) and the calcium excretion index ((calcium 24-h urine/creatinine 24-h urine) Â serum creatinine) were also calculated. The concentration of 25(OH)D was measured using high performance liquid chromatography (HPLC/Chromsystems) with ultraviolet reading after protein precipitation and solid phase extraction.
Statistical analyses were performed using SPSS version 14.0 (SPSS, Chicago, IL, USA). The results were shown as means along with a s.d. or median and interquartile range when indicated. The association between continuous variables was examined using Pearson correlation coefficients. An analysis of variance (ANOVA) and a Kruskal-Wallis test were used to compare quantitative variables between different age categories. Po0.05 was considered to be statistically significant.
Results and discussion
Characteristics of the children and adolescent subjects are described in Table 1 . The mean age of the subjects was 12 ± 3.5 years old. Most children and adolescents (69%) were male, white (72.4%) and in puberty (53.5%). We found that both the daily consumption of calcium and vitamin D were reduced. The observed intake was, on average, 51.8% of the adequate intake for calcium and 36.2% of the adequate intake for vitamin D. Calcium excretion by weight was below normal levels in 53.6% (n ¼ 31) of the patients. However, another index that evaluates calcium excretion index was normal in 48.2% (n ¼ 28) and low in 44.6% (n ¼ 25) of the individuals. The 24-h urinary calcium concentration was also low in 69.6% (n ¼ 40) of patients (Table 1) .
There is no consensus on the optimal level of 25(OH)D in blood (Holick, 2004; El-Hajj et al., 2001) , which depends on the person's age, the person's sensitivity to sunlight, the latitude, the season, the time of day and how much skin is directly exposed to sunlight (Holick, 1995) . Most agree that a 25(OH)D concentration o20 ng/ml is indicative of a vitamin D deficiency, whereas a 25(OH)D concentration of 21-29 ng/ml is considered to indicate a vitamin D insufficiency. Concentrations 430 ng/ml are considered to be sufficient (Holick and Chen, 2008) . Of the patients studied, 40.7% presented normal serum concentrations of 25(OH)D (430 ng/ml), whereas 47.6% had insufficient levels (21-29 ng/ml) and 8.6% had deficient levels (o20 ng/ml). There was a significant difference between 25(OH)D levels in winter/spring and summer/fall seasons (25.4 ± 5.5 vs 32.0 ± 11.9 ng/ml, Po0.01). In addition, there was a significant difference in 25(OH)D levels between the seasons of the year in patients with normal levels (430 ng/ml) of serum 25(OH)D (Po0.01).
There are limited natural dietary sources of vitamin D and it is difficult to assess whether a given individual is receiving adequate sunshine exposure to allow for cutaneous synthesis of vitamin D, and, as a result, the recommendations to ensure adequate vitamin D status have been revised. It is now recommended that all infants and children, including adolescents, have a minimum daily intake of 400 IU of vitamin D beginning soon after birth. Previously, the recommendation had been a minimum daily intake of 200 IU/day of vitamin D supplementation beginning from the rest 2 months after birth, and continuing through adolescence (Wagner and Greer, 2008) . Considering the inadequate intake of vitamin D observed and the new recommendations are higher than those received by the children and adolescents of low stature in this study, our study subjects may be at a higher risk of developing hypovitaminosis D. In a recent study by Weng et al. (2007) , a low serum concentration of 25(OH)D was observed in a sample of healthy children and adolescents with a median concentration of 28 ng/ml. The authors related these results with factors such as a low vitamin D intake, race and season. These findings Figure 1 ). Serum concentrations of PTH were negatively correlated with calcium excretion/kg (r ¼ À0.42, Po0.001) and calcium excretion index (r ¼ À0.36, Po0.01). Furthermore, calcium excretion index was positively and significantly correlated with 24-h urinary calcium (r ¼ 0.80, Po0.001) and with calcium excretion by weight (r ¼ 0.81 Po0.001). Urinary calcium was positively correlated with phosphorus in 24-h urine (r ¼ 0.48, P40.05). We found a positive correlation between 25(OH)D and serum calcium (r ¼ 0.48, Po0.001) and a negative correlation between calcium in 24-h urine and alkaline phosphatase (r ¼ À0.27, P40.05).
The low dietary consumption of calcium and vitamin D observed in this study has been previously described by other authors. Salamoun et al. (2005) assessed calcium and vitamin D intake in adolescents in Greater Beirut, Lebanon and also found a suboptimal intake of both nutrients (816 mg calcium/day and 129 IU vitamin D/day). Only 12% of the subjects in this study met the adequate intake of calcium/day and only 16% met the recommendation intake of vitamin D/day. Natural sources of vitamin D in most diets are known to be limited because this nutrient only occurs in signicant amounts in fatty sh and certain sh oils, in the liver and fat of aquatic mammals, and in egg yolks of chickens fed with vitamin D (Wagner and Greer, 2008) . To solve this problem, some countries have developed foods fortified with calcium and vitamin D, but this practice is not common in Brazil, where fortified foods are expensive. Thus, the results of dietary intake in our study subject reflect only the natural dietary sources of these nutrients.
Considering the borderline levels of 25(OH)D and the low vitamin D intake observed in our study subjects, we suggest that the geographic location studied, (Porto Alegre, Brazil, located at a latitude of À301), which has a temperate climate and moderate solar exposure, favors endogenous vitamin D synthesis and the maintenance of serum 25(OH)D levels greater than 10 ng/ml. In this situation, the serum vitamin D levels measured might not reflect an inadequate dietary consumption. In addition, we observe that serum vitamin D levels were higher in months with more sunlight, as well as in the subsequent months, confirming the seasonal influence of vitamin D production by the skin (Holick et al., 2005; Holick, 2007) . This finding also suggests that vitamin D levels are maintained for a period of time after sun exposure.
Several studies, such as that of Gordom et al., 2004 and Rajakumar et al. (2005) , found that serum 25(OH)D was indirectly correlated with PTH (r ¼ À0.29; Po0.001 and r ¼ À0.32; Po0.05, respectively). However, this result was not observed in our study. This inverse relationship between serum 25(OH)D and PTH confirms the hypothesis that low levels of 25(OH)D are associated with increased PTH during the peak of pubertal growth and bone formation, improving calcium absorption. Rapid bone formation during puberty, combined with a low level of calcium and vitamin D, contributes to the increase in PTH levels and fulfills the calcium requirements (Weng et al., 2007; Holick, 2007) . This relationship can also be extrapolated to the content of calcium and vitamin D in the diet, as both were found to be negatively related to PTH in our study. Thus, tests of serum PTH and 25(OH)D, as well as urinary calcium excretion, are considered to be useful evaluation tests to identify the manage the nutritional lack of calcium and vitamin D.
The limitation of our work was in the design of the study. We decided to not compare our sample with a control group because the objective of the study was to evaluate calcium and vitamin D intake and laboratory tests in the specific group of short-stature individuals. Beyond this limitation, it was difficult to define an appropriate dietary sample to investigate the dietary intake of children and adolescents, as well as to apply the instrument correctly. However, the observed correlation between dietary and biochemical values supports the possibility that dietary studies could be used to improve our understanding of food habits in this age group.
From the perspective of short-stature children and adolescent nutritional care, the low calcium and vitamin D intake observed in this study and the biochemical factors associated with these deficiencies suggest that this disorder may interfere with bone development in the age group studied and could affect bone growth and future bone mass. Thus, heath care professionals can use evaluation tests to examine PTH and 25(OH)D, as well as urinary calcium excretion and analyses of 24-h diets, to diagnose dietetic calcium and vitamin D deficiencies, and to plan adequate nutritional strategies for short-stature children and adolescents.
